Oxidants generated by eosinophils during chronic inflammation may lead to mutagenesis in adjacent epithelial cells. Eosinophil peroxidase, a heme enzyme released by eosinophils, generates hypobromous acid that damages tissue in inflammatory conditions. We show that human eosinophils use eosinophil peroxidase to produce 5-bromodeoxycytidine. Flow cytometric, immunohistochemical, and mass spectrometric analyses all demonstrated that 5-bromodeoxycytidine generated by eosinophil peroxidase was taken up by cultured cells and incorporated into genomic DNA as 5-bromodeoxyuridine. Although previous studies have focused on oxidation of chromosomal DNA, our observations suggest another mechanism for oxidative damage of DNA. In this scenario, peroxidase-catalyzed halogenation of nucleotide precursors yields products that subsequently can be incorporated into DNA. Because the thymine analog 5-BrUra mispairs with guanine in DNA, generation of brominated pyrimidines by eosinophils might constitute a mechanism for cytotoxicity and mutagenesis at sites of inflammation.
Oxidants generated by eosinophils during chronic inflammation may lead to mutagenesis in adjacent epithelial cells. Eosinophil peroxidase, a heme enzyme released by eosinophils, generates hypobromous acid that damages tissue in inflammatory conditions. We show that human eosinophils use eosinophil peroxidase to produce 5-bromodeoxycytidine. Flow cytometric, immunohistochemical, and mass spectrometric analyses all demonstrated that 5-bromodeoxycytidine generated by eosinophil peroxidase was taken up by cultured cells and incorporated into genomic DNA as 5-bromodeoxyuridine. Although previous studies have focused on oxidation of chromosomal DNA, our observations suggest another mechanism for oxidative damage of DNA. In this scenario, peroxidase-catalyzed halogenation of nucleotide precursors yields products that subsequently can be incorporated into DNA. Because the thymine analog 5-BrUra mispairs with guanine in DNA, generation of brominated pyrimidines by eosinophils might constitute a mechanism for cytotoxicity and mutagenesis at sites of inflammation. U nder normal conditions, eosinophils are a minor component of circulating phagocytic white blood cells. However, they become much more abundant in blood and tissues in a variety of inflammatory disorders, including chronic allergic conditions, helminthic infections, and cancer (1) . Moreover, eosinophils are implicated in tissue damage associated with asthma, dermatitis, vasculitis, and the hypereosinophilia syndromes. These granulocytes also may play important roles in host defenses against microbial parasites and tumor cells. One potential mechanism of eosinophil-mediated damage and defense involves their production of oxidizing intermediates.
Chronic inflammation is associated with an increased risk of cancer, raising the possibility that reactive intermediates generated by eosinophils, neutrophils, monocytes, and macrophages might damage nucleic acids and compromise the integrity of the genome (2) (3) (4) (5) (6) . Activated eosinophils generate such intermediates by first producing superoxide using a membrane-associated NADPH oxidase (7, 8) . Superoxide then dismutates to hydrogen peroxide (H 2 O 2 ), which is the oxidizing substrate for eosinophil peroxidase, a granule enzyme. Reactive intermediates generated by eosinophil peroxidase may represent one pathway for tissue damage by eosinophils (9) (10) (11) (12) (13) (14) . At plasma concentrations of halide ion (Cl Ϫ Ϸ 100 mM, Br Ϫ 20-100 M, I Ϫ Ͻ1 M; refs. 15 and 16), the major product of eosinophil peroxidase is thought to be hypobromous acid (HOBr; refs. 9, 11, and 13).
The pseudohalide thiocyanate also has been proposed to be a major substrate (17) . Recent studies provide compelling evidence that HOBr generated by activated eosinophils is one pathway for tissue damage in asthma (18) . A striking example in which inflammation-mediated DNA damage may lead to a carcinogenic insult is schistosomiasis (19, 20) . This disease is caused by the blood fluke Schistosoma, the eggs of which trigger an intense eosinophilic granulomatous reaction. Many lines of evidence implicate Schistosoma, which is distributed widely in Africa, the Middle East, and Asia in the genesis of bladder cancer, liver cancer, and colon cancer (21) . Thus, oxidants generated by eosinophils during a chronic inflammatory response may lead to mutagenesis in adjacent epithelial cells.
Oxidative damage of DNA has been implicated in carcinogenesis (2, 3, 6, 22, 23) . In vitro studies have identified numerous modified nucleic acids as products of phagocytic oxidative reactions. For example, activated phagocytes generate the mutagenic nucleobase 8-oxoguanine by pathways that may involve hydroxyl radical or singlet oxygen (24) . Nitric oxide, or its degradation products, deaminate nucleobases in vitro and enhance mutagenesis in cultured cells (25, 26) . Human neutrophils produce 8-nitrodeoxyguanosine by a pathway involving myeloperoxidase, nitrite, and H 2 O 2 (27) . Moreover, we showed recently that myeloperoxidase will also convert deoxycytidine (dC) to 5-chlorodeoxycytidine (28) .
Most studies have focused on oxidative damage of chromosomal DNA, but we reasoned that potentially mutagenic adducts might be generated in the abundant cellular pools of ribo-and deoxyribonucleoside precursors. In the current studies, we used deoxynucleosides to determine whether the brominating intermediates generated by eosinophil peroxidase can modify nucleic acid bases. Through MS and NMR spectroscopy, we identified 5-bromodeoxycytidine (BrdC) as a product at physiologically plausible Br Ϫ and Cl Ϫ concentrations. Activated eosinophils generated BrdC in a reaction that was inhibited by catalase, implicating a peroxidase in the cellular pathway. Cultured cells incorporated the BrdC into genomic DNA as BrdUrd, a well established mutagen. Our observations indicate that brominating intermediates generated by eosinophil peroxidase represent one potential pathway for modifying nucleic acids at sites of inflammation in vivo. They also suggest a mechanism for the oxidative damage of DNA by phagocytes. In this scenario, reactive species halogenate nucleotides and nucleotide precursors that subsequently are incorporated into DNA, in which they can exert cytotoxic and mutagenic effects.
Hypobromous Acid. Bromide-free HOBr was prepared by addition of silver nitrate to Ϸ80 mM bromine water (1.5:1, mol͞mol) and vacuum distillation (31) . Reagent taurine monobromamine was prepared by adding HOBr to a 100-fold mole excess of taurine.
Oxidation of dC. Reactions were performed in gas-tight vials and initiated by adding oxidant from a gas-tight syringe through the septum while vortexing the sample. Reactions were terminated by adding L-methionine to a final concentration of 6 ) concentrations were determined spectrophotometrically (13, 32) . The pH dependence of product formation was determined as described (28) .
Human Eosinophils. Human polymorphonuclear cells were prepared from blood by density-gradient centrifugation (33) . Neutrophils were removed by passage over beads coupled to anti-CD16 antibody (R & D Systems). Cells (Ͼ95% eosinophils and Ͻ5% lymphocytes) were suspended in PBS (100 mM NaCl͞10 mM sodium phosphate supplemented with 2 mM dextrose͞1.4 mM CaCl 2 ͞1.4 mM MgCl 2 ͞1 mM dC͞100 M NaBr͞100 M diethylenetriaminepentaacetic acid), incubated at 37°C for 60 min, and maintained in suspension with intermittent inversion. The reaction was terminated by addition of 6 mM methionine and removal of cells by centrifugation.
Reverse-Phase HPLC. Reaction mixtures were analyzed by reversephase HPLC with a C 18 column (Porasil, 5-m resin, 4.6 ϫ 250 mm; Beckman-Altex) at a flow of 1 ml͞min with UV detection at 295 nm (28) . For NMR analysis, concentrated reaction mixtures were fractionated isocratically on a semipreparative C 18 column (Porasil; 5 m resin, 10 ϫ 250 mm; Beckman-Altex) (28) . Electrospray Ionization͞MS. Aliquots from HPLC fractions were analyzed on a Waters Alliance 2670 HPLC equipped with a C 18 column (Porasil, 5-m resin, 2.1 ϫ 150 mm; Beckman-Altex) interfaced with a Finnigan-MAT LCQ as described (28) .
Cell Culture, Fluorescence-Activated Cell-Sorter (FACS) Analysis, and Immunohistochemistry. Asynchronous Chinese hamster fibroblasts (HA1) were seeded at 1 ϫ 10 5 cells per 60-mm tissueculture dish; nucleoside incorporation experiments were carried out 48 h later when Ϸ1 ϫ 10 6 log phase cells were present. Cells were cultured in Eagle's minimal essential medium supplemented with 10% (vol͞vol) FBS and 0.1% penicillinstreptomycin and were maintained at 37°C in a humidified atmosphere of 5% CO 2 (34) . FACS analysis of nuclei isolated from the cells was performed as described (34) by using a mouse antibromodeoxyuridine monoclonal antibody (Becton-Dickinson Immunocytometry Systems) and FITC-conjugated goat anti-mouse IgG (Sigma). Flow-cytometric analysis was carried out on a Becton-Dickinson FACS 440 equipped with an I-90-5 UV laser (Coherent Radiation, Palo Alto, CA). Data from at least 20,000 nuclei were collected. For immunohistochemistry, HA1 cells were fixed in PBS-buffered formalin, dehydrated through graded ethanol, and processed for immunohistochemistry by using a BrdUrd staining kit (Zymed) with 3,3Ј-diaminobenzidine tetrahydrochloride as chromogen. Immunostaining was performed as recommended by the manufacturer except that the stock antibody solution was diluted 1:3 (vol͞vol). For negative controls, parallel slides were processed with preimmune serum.
Results
The Eosinophil Peroxidase-H2O2-Br ؊ System Brominates dC at Plasma Concentrations of Halide Ions. We exposed the deoxyribonucleosides of adenine, cytosine, guanine, and thymine to the eosinophil peroxidase-H 2 O 2 -Br Ϫ system in buffer A (50 mM sodium phosphate͞100 mM sodium chloride͞100 M diethylenetriaminepentaacetic acid, pH 4.5). After terminating the reaction with methionine (which scavenges hypohalous acids, halogenated amines, and H 2 O 2 ), the reaction mixture was analyzed by HPLC using absorbance detection (280 nm for pyrimidines and 254 nm for purines). The dC reaction yielded a major product with a longer retention time than the substrate (Fig. 1) , whereas no major new peaks were observed for the other nucleosides. We observed the same product when we replaced eosinophil peroxidase with lactoperoxidase. The HPLC retention time and UV-absorption spectrum of the product were indistinguishable from those of authentic BrdC (Fig. 1) .
We used electron-ionization GC͞MS to characterize further the structure of the modified nucleoside that eosinophil peroxidase generated from dC. This procedure yields information only about the nucleobase because the N-glycoside bond of the nucleoside is hydrolyzed during derivatization. The GC retention times and electron-ionization mass spectra of the trimethylsilyl (TMS) derivative of the oxidation product were identical essentially to those obtained by using authentic BrdC (data not shown). The compound exhibited a molecular ion at m͞z 333 and prominent fragment ions at m͞z 318, consistent with the ⅐ CH 3 loss typical of TMS derivatives. Ions with prominent [molecular Ϫ system. dC (1 mM) was incubated with 3 nM eosinophil peroxidase (EPO), 100 M H2O2, and 100 M NaBr in buffer A (50 mM sodium phosphate͞100 mM sodium chloride͞100 M diethylenetriaminepentaacetic acid, pH 4.5) for 60 min at 37°C (EPO͞H 2O2͞Br Ϫ ). Where indicated, eosinophil peroxidase was omitted from the reaction mixture (H 2O2͞Br Ϫ ). Also shown is a chromatogram of 20 M authentic BrdC. Reactions were initiated by adding H 2O2 and terminated with 6 mM L-methionine. ). As anticipated for compounds that lack bromine, these fragment ions no longer exhibited the prominent (M ϩ 2) isotope pattern.
ion (M)
To further investigate the structure of the oxidized dC, we examined the electrospray-ionization mass spectrum of the eosinophil peroxidase product. The latter yielded the same major [M ϩ H] ϩ ions at m͞z 306 and 308 as authentic BrdC, strongly suggesting that it was monobrominated dC. The collisionally activated dissociation tandem mass spectrum of the m͞z 306 ion from the dC reaction generated a product ion at m͞z 190, which suggests that the N-glycoside bond of BrdC had rearranged to yield 79 Br-substituted cytosine. The collisionally activated dissociation tandem mass spectrum of the m͞z 308 ion likewise generated a product ion at m͞z 192, which again suggests fragmentation of the brominated nucleoside to yield 81 Br-substituted cytosine. The electrospray-ionization MS͞MS spectrum indicated that the cytosine base of the dC was monobrominated.
Eosinophil Peroxidase-Catalyzed Bromination Occurs at C-5 of the Cytosine Ring. To determine the position of the bromine on the pyrimidine ring, we isolated the product from the eosinophil peroxidase reaction by using HPLC. We then subjected the purified materials to 1 H NMR analysis. The reaction-product spectrum was identical essentially to that of commercially available BrdC with a single pyrimidine resonance at 8.23 ppm (singlet, C-6 proton). Significant features when compared with dC included loss of the C-5 proton resonance, a downfield shift in the C-6 proton, and conversion of the C-6 proton resonance from a doublet to a singlet. These findings are consistent with substitution of a bromine atom at the C-5 position. The deoxyribose resonances were similar in the nucleoside substrate, the eosinophil peroxidase-oxidation product, and authentic BrdC.
Reaction Requirements for BrdC Production by Eosinophil Peroxidase.
We used reverse-phase HPLC to characterize the bromination of dC by eosinophil peroxidase. The reaction required enzyme and H 2 O 2 ; it was blocked by catalase, a scavenger of H 2 O 2 , and omission of NaBr from the reaction mixture. Two heme enzyme inhibitors, cyanide and aminotriazole, inhibited product formation. These results demonstrate that bromination of dC by eosinophil peroxidase requires active enzyme, Br Ϫ , and H 2 O 2 . Fig. 2 shows the effects of varying the reaction conditions. Enzymatic bromination was proportional to H 2 O 2 concentration up to 100 M. Thereafter, product yield declined, perhaps because of autoinactivation, substrate inhibition, or consumption of HOBr by H 2 O 2 to generate singlet oxygen (35) . When the concentration of Br Ϫ was increased, the product yield reached a plateau at 50 M Br Ϫ , the concentration of H 2 O 2 included in the reaction mixture. Bromination was complete by 40 min, and product yields approached 100% (relative to H 2 O 2 ) at pH 4-5.
HOBr, Primary Bromamines, and Secondary Bromamines Generate
BrdC. When we replaced the enzymatic system with HOBr, the yields (relative to H 2 O 2 ) of BrdC were comparable to those obtained when eosinophil peroxidase was included in the reaction mixture. Because HOBr can react readily with amines to form bromamines, we compared the abilities of reagent HOBr, taurine monobromamine, and N-bromosuccinimide to brominate dC in the presence of 100 mM NaCl and 100 M NaBr. As shown in Fig. 3 for HOBr, N-bromotaurine, and N-bromosuccinimide, the yield and pH dependence of dC bromination were similar for each of the oxidants. We also investigated the ability of HOBr and bromamines to generate N-bromodeoxycytidine.
We were unable to observe this postulated species in reaction mixtures lacking methionine when we looked for new peaks of material during HPLC analysis.
Our results indicate that primary and secondary bromamines will generate BrdC; the yield and pH dependence of the reactions were indistinguishable from those of reagent HOBr. These observations suggest that bromination by eosinophil peroxidase may be facilitated by pyrimidines and free and protein-bound amines, which could catalyze BrdC formation.
Activated Human Eosinophils Generate BrdC.
To determine whether oxidants generated by human eosinophils might brominate dC, we activated human eosinophils (10 6 per ml) with phorbol myristate acetate in PBS supplemented with 100 M NaBr and 1 mM dC. HPLC analysis revealed Ϸ0.2 M BrdC in the medium of stimulated cells under mildly acidic conditions (pH 6.5). The identity of the oxidation product as BrdC was confirmed by Ϫ system. The reaction was initiated by adding H2O2 (50 nmol) to 1 ml of buffer A containing 1 mM dC, 3 nM eosinophil peroxidase, and 100 M NaBr. After a 60-min incubation at 37°C, the reaction was terminated by adding 6 moles of L-methionine. Reaction products were analyzed by reverse-phase HPLC. Conditions were varied by performing the reaction with the indicated final concentration of H 2O2, Br Ϫ ions, hydrogen ions (pH), or for the indicated reaction time (Minutes). Fig. 3 . The pH dependence for generation of BrdC by HOBr (F), the primary bromamine N-bromotaurine (E), and the secondary bromamine N-bromosuccinimide (). The reaction was initiated by adding oxidant (50 nmol) to 1 ml of buffer A containing 1 mM dC. After a 60-min incubation at 37°C, the reactions were terminated by adding 6 mol of L-methionine. Reaction products were analyzed by reverse-phase HPLC. The pH of the reaction mixture was determined at the end of the reaction but before adding methionine. (Fig. 4) . Cellular BrdC generation was optimal at pH 6.5, but there was substantial production of the brominated product even at neutral pH (Fig. 4) . Generation of BrdC required cellular activation, was enhanced by superoxide dismutase (perhaps because of elevated levels of peroxide or protection of the peroxidase from inactivation), and was inhibited by the peroxide scavenger catalase and the heme poison sodium azide (36) .
GC͞MS and electrospray-ionization͞MS analysis

Purified BrdC Generated by Eosinophil Peroxidase Is Incorporated as
BrdUrd into the DNA of Dividing Mammalian Cells. To determine whether cells would incorporate the dC oxidation product into DNA, we exposed log-phase hamster HA1 fibroblasts to purified BrdC generated by the eosinophil peroxidase-H 2 O 2 -Br Ϫ system and analyzed them by flow cytometry (Fig. 5) and histochemistry (Fig. 6) . The nuclei of cells incubated with authentic BrdC and the eosinophil peroxidase product were immunoreactive intensely with a monoclonal antibody to BrdUrd (Fig. 6) , and the prominent nuclear-staining pattern strongly suggested that the immunoreactive material was incorporated into DNA (Fig. 6) . Immunoreactivity was not seen in cells when the antibody was preincubated with BrdUrd but was little affected by preincubation with BrdC. These observations indicate that the antibody reacted selectively with BrdUrd. Flow-cytometric analysis of cells exposed to authentic BrdC for 30 min revealed that this antibody selectively labeled cells that were synthesizing DNA (data not shown). Together, these results suggest that BrdUrd derived from deaminated BrdC is incorporated into the DNA of dividing cells.
To confirm this idea, we used MS to examine HA1 cells exposed to the purified eosinophil peroxidase-H 2 O 2 -Br Ϫ system product. GC͞MS analysis revealed a substantial quantity of 5-BrUra but not 5-bromocytosine in the DNA of these cells (Fig.  7) . In HA1 cells exposed for 24 h to 1 M and 10 M of BrdC, respectively, isotope-dilution GC͞MS analysis demonstrated that 5-BrUra replaced 0.5 and 4.0% of the thymine residues in the DNA. In contrast, 5-bromocytosine was undetectable (Ͻ0.01% substitution) in cellular DNA under any of these conditions. The incorporation of authentic BrdC into cellular DNA was not affected by the presence or absence of 1 mM dC in the medium. These observations indicate that the incorporation of 5-BrUra into DNA was proportional to the concentration of BrdC in the medium.
Discussion
Our observations indicate that the eosinophil peroxidase-H 2 O 2 system of activated human eosinophils can generate BrdC at plasma concentrations of Cl Ϫ and Br Ϫ by a reaction pathway that involves HOBr or bromamines. MS, f lowcytometric analysis, and immunohistochemical studies revealed that 5-BrUra is incorporated into the DNA of dividing mammalian cells exposed to the purified eosinophil peroxidase product. These results indicate that eosinophil peroxidase generates brominating intermediates that convert dC to BrdC. The halogenated nucleoside then can be taken up by cultured cells and incorporated into genomic DNA as the mutagenic thymidine analog BrdUrd. The conversion of BrdC to BrdUrd may involve spontaneous or enzymatically catalyzed deamination of the exocyclic amine.
BrdC production by activated human eosinophils was optimal under mildly acidic conditions (pH 6.5). Such conditions are likely to exist in vivo, given that inflammation causes tissue acidosis (37, 38) . We also observed a significant level of BrdC production at neutral pH. Thus, although the eosinophil peroxidase-H 2 O 2 system has optimal activity at acidic pH in vitro, the cellular system still possesses activity at physiological pH. Inflamed tissue also may contain high concentrations of nucleosides, because T cells and B cells release dC extracellularly (39) , and DNA degradation liberates nucleotides from injured and dead cells. Inflammation also prompts cells to proliferate and repair tissue, creating the opportunity for abnormal bases to be incorporated into new DNA (3). In our study, dividing cells exposed to 1 M of 5-BrdC for 24 h replaced 0.5% of thymine residues in DNA with 5-BrUra, a 5,000-fold higher substitution level than that observed for guanine oxidation products in normal tissue (40, 41) . Optimally stimulated eosinophils (10 6 per ml, 1 mM dC, pH 6.5) produced Ϸ0.2 M of BrdC, whose incorporation into cellular DNA was proportional directly to its concentration in the medium. Moreover, no known repair system excises 5-BrUra from DNA (42) , suggesting that chronic exposure to eosinophils in vivo might cause cells to accumulate substantial levels of 5-BrUra. Thus, inflammation promotes a microenvironment-acidosis and the release of nucleosidesthat may enable eosinophils to brominate dC and facilitate the incorporation of BrdUrd into the nuclear DNA of proliferating cells.
Our observations suggest that halogenation of nucleobases within a precursor pool provides a mechanism for DNA damage by reactive intermediates generated by activated phagocytes (Scheme 1). In this pathway, activated phagocytes generate halogenating intermediates that react with nucleotides or nucleotide precursors in the extracellular and intracellular milieu. Products of these reactions include abnormal halogenated or oxidized deoxynucleotides, which are ferried into the nucleus as substrates for DNA polymerase. Consequently, potentially cytotoxic and mutagenic deoxynucleotide derivatives become incorporated into the genomes of daughter cells. Indeed, the thymidine analogue BrdUrd is a well established mutagen that acts by mispairing opposite guanine in DNA (43) . If halogenated nucleobases find their way into tumor-suppressor genes, genes for DNA repair, or potential oncogenes, they might increase the risk for cancer. A similar incorporational mechanism of mutagenesis has been suggested by studies of the MutT system in bacteria, which cleanses the deoxynucleotide pool of 8-oxodGTP. When MutT is inactivated genetically, the spontaneous-mutation rate increases by 100-to 10,000-fold (44, 45) .
Our demonstration that 5-BrUra is incorporated into the DNA of cultured cells exposed to BrdC is consistent with the activity of cellular cytidine deaminases, which convert dC nucleosides and nucleotides into the corresponding deoxyuridines. Indeed, previous studies have shown that brominated, chlorinated, or f luorinated dC is deaminated to the corre- Fig. 7 . Full-scan positive-ion mass spectrum of 5-BrUra in DNA isolated from HA1 cells exposed to purified eosinophil peroxidase product. Cells were cultured as described in Fig. 5 in medium containing 10 M of BrdC. At the end of the incubation, DNA was isolated from the cells, hydrolyzed to nucleobases with formic acid, and dimethyl-tert-butylsilyl derivatives of the nucleobases were subjected to GC/MS analysis.
sponding deoxyuridine after injection into humans or animals (46, 47) . BrdUrd is a thymidine analog with clastogenic and mutagenic activity, causing GC-to-AT and AT-to-GC transition mutations (43) . These transitions have been attributed to the ability of the halogen substituent to stabilize the enolic, ionized, or wobble mispairing of the molecule with guanine (48, 49) . BrdUrd, BrdC, and oxidants generated by white blood cells may contribute also to mutagenesis by creating an imbalance in the nucleotide pool (50, 51) . Moreover, bromination of cytosine has long been recognized to alter the secondary structure of DNA, favoring the formation of Z-DNA (52) . Brominated pyrimidine compounds exhibit antiviral activity and alter normal nucleotide metabolism (53, 54) . Brominated pyrimidine ribonucleotides can be incorporated also into mammalian RNA, in which they might exert cytotoxic effects by interfering with RNA metabolism (55, 56) .
A scenario in which halogenating toxins derived from phagocytic peroxidases promote DNA damage by oxidizing nucleic acids is consistent with the strong association of chronic inf lammation and malignancy. Persistent inf lammation results in acidosis and tissue injury, which in turn mediates a proliferative, reparative response in resident cells. Thus, not only can phagocytic cells mediate production of modified nucleoside precursors, but they also can create an environment that promotes the incorporation of these mutagenic compounds into parenchymal DNA. Our demonstration that eosinophil peroxidase can brominate dC suggests that pyrimidines indeed may be targets for such damage. Detection of 5-BrUra, 5-bromocytosine, or their nucleosides in tissue would support strongly the hypothesis that activated eosinophils generate potent brominating intermediates in vivo, with important implications for the genesis of tissue injury and perhaps cancer at sites of inf lammation.
